Gbx-2 is required for the normal development of the anterior hindbrain. Since much of our understanding of the normal development of this region derives from studies of avian embryos, we have determined the expression of Gbx-2 in chick embryos at stages relevant to the regionalization of the hindbrain. As the neural plate forms, transcripts already have a clear anterior limit of expression and, subsequently, occupy a domain extending from the extreme posterior midbrain to the rhombomere 3/4 boundary. Subsequently, expression is restricted to the isthmus, a dorsal stripe of expression extending throughout the hindbrain in the ventricular region and the cells adjacent to rhombomere boundaries. Transcripts were also detected in pharyngeal endoderm, the otic placode and vesicle, pharyngeal arches and somites.
Axial specification of the developing vertebrate nervous system is regulated by transcription factors that are frequently closely related to genes involved in axial specification in Drosophila. Gbx-2 (gastrulation brain homeobox, Stra7; Matsui et al., 1993; Bouillet et al., 1995; Chapman and Rathjen, 1995) is related to the Drosophila gene unplugged (Chiang et al., 1995) and is expressed in a number of tissues in developing mouse and Xenopus embryos including the developing hindbrain (Bouillet et al., 1995; von Bubnoff et al., 1996) . Derivatives of the anterior hindbrain (rhombomeres (r) 1-3) fail to develop in mouse embryos homozygous for a Gbx-2 allele lacking sequences which encode the homeobox and are therefore expected to be a null allele. In addition, studies with molecular markers suggest that the isthmus (midbrain-hindbrain boundary), an organizing centre for the midbrain and anterior hindbrain, does not develop normally (Wassarman et al., 1997) . The chick embryo has provided much insight concerning the early development of this region of the brain due to its accessibility for manipulations including tissue grafting, lineage tracing and introduction of ectopic protein. In this report, we describe Gbx-2 expression in the chick embryo with particular emphasis on the developing brain.
Studies with the L5 antibody suggest that the neural plate is first established at Hamilton and Hamburger (HH) stage 4 (Roberts et al., 1991) and at this stage the competence of anterior regions to respond to a grafted Hensen's node or FGF-coated bead alters (Storey et al., 1992 (Storey et al., , 1998 . In embryos of this stage, Gbx-2 expression was already restricted to a domain extending from just anterior to Hensen's node to close to the posterior of the primitive streak (Fig. 1A) . Anterior to the node, transcripts were restricted to the epiblast (Fig. 1B) . Gbx-2 RNA was absent from cells in the primitive pit of Hensen's node and from cells within the primitive streak (primitive groove) but detected in adjacent epiblast and mesendoderm (Fig. 1C,D) , whereas no expression was detected in tissues at the posterior of the streak (Fig. 1E) . At HH stage 6, elevated levels of transcripts were detected in a discrete region of the neural plate anterior to the node (Fig. 1F,H) , whereas lower levels were confined to the epiblast posterior to the node (Fig. 1F,I ). As somitogenesis commenced, the Gbx-2-positive domain in the neural tube occupied the region immediately anterior to the first somite (i.e. within the prospective hindbrain; Fig. 1J ) and, as neuromeric boundaries appeared in this region, transcripts occupied a domain extending from the extreme posterior of the midbrain to include the isthmus and r1-3 (Fig. 1K ,L,O) but were excluded from the roofplate and floorplate (Fig.  1M) . At these and earlier stages, the anterior limit of Gbx-2 longitudinal section through the hindbrain and otocyst and (W) longitudinal section through the proximal region of branchial arches 2, 3 and 4. Abbreviations: ba, branchial arch; ect, ectoderm; en, endoderm; ep, epiblast; HN, Hensen's node; i, isthmus; mb, midbrain; me, mesendoderm; mes, mesenchyme; np, neural plate; nt, neural tube; op. otic placode; ov, otiv vesicle; ps, primitive streak, r, rhombomere; rp, roofplate; s, somite; sp, segmental plate. expression sharply abuted the posterior limit of Otx-2 transcripts (compare Fig. 1O,P ; Bally-Cuif et al., 1995; Millet et al., 1996) . In older embryos, Gbx-2 RNA became further restricted to the isthmus and the dorsal regions of r1-3 (data not shown). Subsequently, the dorsal domain extended caudally as a stripe throughout the dorsal hindbrain and into the anterior spinal cord in the ventricular region (Fig.  1T-V) , expression was maintained at the isthmus and also appeared adjacent to rhombomere boundaries (Fig. 1T,U) .
Transcripts were also detected in other tissues at the stages examined; including the anterior lateral endoderm at HH stage 6 (Fig. 1G) and pharyngeal endoderm and ectoderm (including the otic placode) adjacent to the posterior hindbrain at HH stage 9+ (Fig. 1N) . In older embryos, Gbx-2 transcripts were detected in the medial region of the otic vesicle (Fig. 1V ) and in the mesenchyme of the proximal parts of the branchial arches (Fig. 1W) . At all stages after the onset of somitogenesis, dynamic expression was detected in the six most recently-formed (posterior) somites and the anterior segmental plate. Gbx-2 RNA was detected throughout the most posterior somite but became restricted to the dorsolateral region during subsequent maturation ( Fig. 1Q-S ).
Materials and methods
Embryos were staged according to Hamilton and Hamburger (Hamburger and Hamilton, 1951) and in situ hybridization and sectioning performed as described (Shamim et al., 1998) . The chicken Gbx-2 cDNA was kindly provided by Dr. Achim Leutz (Kowenz-Leutz et al., 1997) .
